Malmgrist carried out the SPR measurement for epitope mapping between p24 and the antibodies. 7 Ramsdale et al. also investigated interactions between peptide T and CD4 receptor on human T cells using SPR. 8 We have already reported about the detection of gp41, which is one of the envelope proteins of HIV, using an SPR apparatus. 9 However, in the measurement of human serum by SPR apparatus, the reflectance signal was considerably suppressed when the human serum sample was directly applied to the SPR system, with the resulting that the sensitivity and the detection range became much worse.
In this study, the influence of ingredients of the serum on the analysis of anti p24 antibody by SPR apparatus was diminished and the accurate detection of anti p24 antibody was attained.
Experimental

Antigen and antibody
HIV-1 core protein, p24, was prepared as the antigen in this study by the expression of p24 gene in E. coli and the purification was performed using the monoclonal antibody bound affinity chromatography. The purity was confirmed over 95% by SDS-PAGE analysis using a 12% polyacrylamide gel with Coomassie brilliant blue staining.
The monoclonal antibody to p24 was obtained by the normal hybridoma technique by immunizing HIV into balb/c mice. The resulting antibody was confirmed to be specific to p24 by western blotting. Purified anti p24 antibody was prepared from mouse ascites fluid as described in Ref. 9 .
Antigen fixation on sensing chip of SPR apparatus
In the antigen (p24) fixation on the 600 mm 2 (27 × 20 mm) sensor chip, a piece of gold film (50 nm thick) was fairly exposed to 10 µM 4,4-dithiobutyric acid for 1 h at room Highly sensitive detection of proteins in serum becomes difficult in some cases during surface plasmon resonance (SPR) measurements, because some ingredients in the serum hugely enhance non-specific reactions on the sensing chip of SPR. It is well recognized that the antibody against core protein p24 of HIV in serum is one of the most important proteins in the accurate diagnosis of infection with HIV. In this study, we could attain the accurate detection of anti p24 antibody in human serum by eliminating the serious effects of the ingredients in serum on the measurement of SPR by employing these procedures: 1) blocking the gold surface of the sensing chip with human serum and 2) heating the serum sample at 56˚C for 30 min. Without these treatments, the signal of SPR was considerably suppressed on the measurement of the anti p24 antibody which contained human serum, making the accurate detection difficult. However, with introducing the above two treatments, the sensing of anti p24 antibody in human serum was improved, while a small non-specific reaction was still observed. By removing the non-specific reaction caused by the ingredients in the serum, we could accurately measure the antibody for p24 in human serum sample over the range from 1 to 20 µg/ml. temperature. After washing, the sensing chip was immersed in 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (25 mg/ml) and N-hydroxysuccinimide (NHS: 5 mg/ml) containing 95% dioxane with thorough stirring for 3 h, followed by washing with pure water. Eighty microliters of the antigen, p24 (100 µg/ml), were injected into the flow line of the surface plasmon resonance apparatus (Nippon Laser & Electronics, Nagoya, Japan), as shown in Fig. 1 . In the measurement of detection of p24, a flow type cell which had been firmly placed on the gold film was employed as described in detail in Ref. 9 . An injector, a flow pump and 0.25 mmφ tubes were connected with the flow cell (volume: ca. 8 mm 3 ) in the chamber of the SPR apparatus. The flow rate was kept constant at 15 µl/min. The excitation of the gold was performed by a laser diode, λ = 670 nm and W = 3 mW. Phosphate buffered saline (PBS) was pumped into the line at a rate of 15 µl/min in most cases. Eighty microliters of an antigen or an antibody-contained sample were injected into the line via a Rheodyne 6 valve injector. All measurement data for monitoring the reflectance were inputted into a personal computer (Nippon Electric Company, Ltd., Tokyo, Japan) at each 1.0 s after the sample injection for up to 8200 s. In this measurement, the incident angle of the light was fixed at the point of half value of the resonance curve which was taken at the time when the gold surface was modified with 4,4-dithiobutyric acid ester. The reflectance change of the light was detected by the position sensing detector (Fig. 1) . The adsorption of protein onto the sensing chip causes the change of SPR momentum, which also induces a change of the angular position of reflective light. If the incident angle was fixed at the appropriate position, the shift of the angular position caused by the immunoreaction corresponds to the change in reflectivity (The computer attached to the SPR apparatus automatically converts the signals of the reflectance change into the shifts of reflecting angle and displays them on the perpendicular axis as a function of time of the adsorbed protein till 8200 s, as shown in Figs. 2, 4 and 6).
The fixing behavior of p24 on the gold film was directly monitored by the reflective response change. The noise level of SPR signal for 8200 s was negligible compared with the response signal for immunoreaction, as shown in Figs. 2, 4 and 6.
Human serum and other proteins
Commercially available "Moni-Trol I·X Chemistry Control, Lyophilized, Unassayed, Baxter Diagnostics (Deerfield, Illinois)" was used as a human serum sample (This is disinfected). Anti p24 antibody was added into the human serum to prepare some concentrations of anti p24 antibody containing serum samples. The antigen HIV-1 p24 expressed in E. coli was ultrasonicated, recovered and purified with affinity chromatography. The purity was confirmed to be over 95% by SDS-PAGE analysis.
Results and Discussion
Detection of anti p24 antibody dissolved in PBS
In order to confirm the immunoreaction between p24 and anti p24 monoclonal antibody, we carried out the SPR experiment using a sample containing only anti p24 monoclonal antibody as a protein in PBS. In Fig. 2 , at first, 80 µl of p24 antigen was injected (1) in order for it to chemically bind with the activated ester on gold surface of sensing chip. The p24 antigen quickly reacted and bound to the ester in a few minutes. Secondly, an 80 µl volume of 1% HSA was injected (2) in order to block the vacant sites on the gold film surface. A fairly large reflectance change was observed in this step, indicating that the blocking step is imperative. After glycine-HCl buffer (pH = 1.0) was injected for removing non-specifically bound substances on the sensing chip (a huge reflectance change was observed due to the large pH change), 40 µg/ml of anti p24 antibody-contained PBS was put into the flow line at step (3). The signal gradually increased, then decreased with the time elapsed and finally approached to a plateau. The subtraction of the reflectance signal at the point of injection of anti p24 antibody from that of the plateau gives the SPR response caused by the immunoreaction. Eighty microliters of glycine-HCl buffer (pH = 1.0) were again introduced at step (4). In this step, the immunocomplex on the sensing chip was forced to dissociate into the antigen and the antibody. The glycine-HCl buffer was drained out within several minutes and exchanged to a PBS flow solution. The dissociated antibodies were released from the system, resulting in a signal drop. Finally, the base line returned to the same position as before the antibody injection. Next, 0 µg/ml of the antibody was introduced (5) . No reflectance signal was observed. After the injection of glycine-HCl buffer, injections of 20 (6) and 10 µg/ml (7) of anti p24 antibody were repeated in the same manner. The immunoreaction occurring on the sensing chip in this experiment gave a good reproducibility with respect to the association and dissociation of the antibody. Moreover, a good relationship between concentration of anti p24 antibody and the reflectance change was obtained ranging from 0 to 30 µg/ml as shown in Fig. 3 . Because the antibody was dissolved in PBS (not in serum) in this experiment, the sample contained no ingredients. This kind of clean sample gave a fair signal change in SPR responses.
Analysis of anti p24 antibody in human serum
In the analysis of serum samples, the ingredients being present in the serum cause huge deterioration effects on the sensitivity and specificity of immunoreaction, resulting in data inaccuracy in the SPR measurements, as we have already pointed out. 9 For the practical application of SPR as an AIDS sensor, the influence of the ingredients should be eliminated or diminished. In a pre-experiment using human serum albumin (HSA) as a blocking reagent, we had obtained the data in which anti p24 antibody-added human serum greatly influenced the SPR signal, so as to lower the sensitivity and to narrow the detection range. We could not get any meaningful results when we directly applied the human serum into SPR apparatus. First of all, in order to eliminate these huge effects, we used human serum diluted with PBS by 50 fold as a blocking reagent on the gold film surface of the sensing chip after the antigen fixing. By the injection of 80 µl of p24 antigen at point (1) in Fig. 4 , the antigen was chemically fixed on the sensing chip in several minutes. Then, the human serum diluted with PBS by 50 fold flowed for blocking the surface of the sensing chip (2) . The replacement by the PBS flow solution (3) decreased the reflectance and then the signal approached to a plateau. With the injection of glycine-HCl buffer (4), some ingredients of serum, which non-specifically bind to the fixed antigen and blocking reagent, were removed. The buffer was injected two times. Eighty microliters of a positive sample (40 µg/ml) of anti p24 antibody-contained human serum were injected (5). The signal rapidly increased at first and then dropped a little due to the dissociation of antibody by the replacement of the PBS flow solution. The signal shape was almost the same as that of the sample without serum in the previous experiment. Next, the sensing chip was washed with the glycine-HCl buffer (6) and then a 0 µg/ml sample was put into the flow line (7) . Although the sample containing no anti p24 antibody, a small response was observed, indicating the ingredients effect caused by a nonspecific reaction. Furthermore, 20, 10 and 5 µg/ml samples (8, 9, 10) were repeatedly injected as indicated in Fig. 4 . The responses were improved by about five fold compared with those in the previous case of gp41 (see Ref. 9) . The resulting responses are plotted against the antibody concentrations, as illustrated in Fig. 5 . In this case, the reflectance change was improved from being 0.003 to 0.018 degrees by comparing with the previous result, though the SPR signal saturated beyond 20 µg/ml of the antibody concentration. Human serum contains many kinds of molecules such as albumin, globulins, complement and peptides. These molecules must be fixed on the sensing chip at the same time, which may contribute to the result that the unknown ingredients cannot approach the surface of a sensing chip, resulting in fine SPR responses. As a consequence, the sensitivity was improved by six-fold by blocking the sensing chip with the human serum diluted with PBS.
Nonetheless, some suppression of the signal was evident over 20 µg/ml, as shown in Fig. 5 . Such a result was never observed in the case of PBS sample containing only anti p24 antibody. The suppression is ascribed to the non-specific reactions caused by the ingredients in the serum. Namely, the ingredients disturb the antibody binding to some extent, even in this case. Reports have been rare regarding the effect of ingredients in serum on the SPR measurement. As this kind of non-specific reaction causes a lowering in the S/N ratio, it should be eliminated or diminished for more accurate analysis. The concentration of antibodies against HIV proteins in the seropositive serum is in the range from several tens to hundreds of µg/ml. In order to fabricate an AIDS sensor that possesses ability similar to that obtained with western blotting, further improvements must be accomplished.
Further elimination of ingredient effects
In the above experiment, some effect of ingredients in serum still remained. Therefore, another treatment of the serum in addition to the blocking with human serum was carried out. This treatment was successful, as described in the following. At the point of (1) as shown in Fig. 6 , the blocking was carried out with the heated serum.
Step (2) indicates the position at which the replacement by the PBS flow solution was performed. Glycine-HCl buffer was injected at (3). The signal returned to the original position, though the base line increased again a little, due to unknown artifacts. The heated serum sample containing 40 µg/ml of anti p24 antibody was introduced into the flow line (4). The reflectance increased in several minutes and then decreased after the replacement with the flow solution. Although the signal shape was almost the same as that for the non-heated sample, the intensity of the reflectance was enhanced. After injection of glycine-HCl buffer (5), 0 µg/ml (6) 20 µg/ml (7) and 10 µg/ml (8) of the antibody-contained samples flowed in the SPR apparatus, as seen in Fig. 6 . Good response signals were obtained. Especially, no signal was observed at the concentration of 0 µg/ml (6) . Most of the nonspecific reaction caused by the ingredients in the serum was removed. The calibration curve is shown in Fig. 7 . The reflectance change was 0.025 degrees in the range from 0 to 20 µg/ml. On the other hand, it was 0.028 degrees in the case using antibody-containing PBS sample. The sensitivity was improved by 1.4 fold comparing with the non-heated case. The reflectance change from 0 to 20 µg/ml was almost the same value as that obtained in the initial experiment using samples without ingredients.
The reflectance change over 20 µg/ml is still influenced by some ingredients of the serum. Generally, serum contains many ingredients. Presumably, some ingredients possessing high affinity bind firmly to the fixed antigens or blocking reagent, so that this type of ingredients cannot be dissociated even if a low pH solution like glycine-HCl buffer (pH = 1) is introduced.
Anyway, introduction of both blocking with human serum instead of general substances such as HSA or BSA and heating of serum at 56˚C for 30 min considerably improved the sensitivity and specificity in the SPR analysis, resulting in the highly improved detection of anti p24 antibody in human serum. It was difficult to perfectly eliminate the ingredients effect. However, the improved SPR measurement in this study can make the practical use possible for the diagnosis of HIV infection from the viewpoint of sensitivity, because several tens to hundreds µg/ml of the antibody are present in the seropositive samples.
We have already reported that many SPR techniques have been applied for the detection of drugs (morphine 10 and methamphetamine 11 ) and bacteria (Helicobacter pylori). 12 We have also succeeded in the enhancement of sensitivity by introducing the molecular accumulation 13 and in the simultaneous detection of two antigens by SPR apparatus.
14 If one takes these techniques together with the eliminating the ingredient effect developed in this study, our purpose of the establishment of AIDS sensor using SPR will be attained in the near future. Especially, it is valuable that this sensing method by SPR apparatus can perform the simultaneous analyses of screening (ELISA etc.) and confirmation (western blotting), which are very important tests in the diagnosis of AIDS, this success must be advantageous in the field of AIDS diagnosis. Moreover, this sensor has another big advantage: any serum samples could be diagnosed in a short time with high accuracy and without biological hazard to personnel who are working on the diagnosis of AIDS.
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